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(57) A tip of a probe is sharpened and a level differ- 
ence portion 6 in a boundary zone between a base por- 
tion 5 and an elastic functioning portion 4 is formed into 
a tapered configuration. The diameter of the elastic 
functioning portion 4 is made smaller than that of the 
base portion 5. Also, a part of the elastic functioning 
portion 4 is shaped into a constricted configuration. 



Also, the probe material is an optical fiber and this probe 
is composed of a core portion 2 that propagates light 
therethrough and clad portions 3 that differ in refractive 
index from each other. And the portion of the probe that 
excludes a aperture is clothed by a metal film cladding 
7. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a probe that is s 
used in a near field scanning microscope which is one 
of the scanning probe microscopes and adapted to 
measure the optical characteristics of a measuring sub- 
stance in a fine region thereof, a probe that is used in an 
atomic force microscope which is also one of the scan- io 
ning probe microscopes and adapted to serve the same 
purpose, a manufacturing method for these probes and 
a scanning probe microscope that uses these probes. 

Scanning probe microscopes that are represented 
by atomic force microscopes (hereinafter referred to is 
simply as "AFM") and scan-type tunnel microscopes 
(hereinafter referred to simply as "STM") have been 
widely used because ol their enabling the observation 
of a fine topography of the surface of a sample. The use 
of the AFM enables the observation of a fine topography 20 
of a sample irrespective of whether or not this sample 
has conductivity compared to the STM. The measuring 
method of the AFM is based on the utilization of the fact 
that a spring element which supports a measuring 
probe becomes flexed by an atomic force that acts 25 
between the sample and the measuring probe. 

On the other hand, there have been several 
attempts to measure the optical characteristics and 
topography of a sample by approaching a probe that 
consists of a optical waveguide whose tip is sharpened 30 
to a measuring sample until the distance therebetween 
becomes shorter than the wavelength of light, where- 
upon several near field optical microscopes have been 
proposed. As one of these microscopes there has been 
proposed an apparatus which horizontally vbrates the 35 
tip of the probe relative to the surface of the sample, the 
probe being held vertically relative thereto, detects the 
variation in the amplitude of the vibration that occurs 
due to the friction between the surface of the sample 
and the tip of the probe as the displacement of the opti- 40 
cal axis of a laser light that has been radiated from the 
tip of the probe and has transmitted through the sample, 
moves the sample by a fine moving mechanism and 
thereby maintains the interval between the tip of the 
probe and the surface of the sample to be at a fixed 45 
value, and detects the surface topography of the sample 
from the intensity of the signal input to the fine moving 
mechanism and simultaneously measures the light 
transmission characteristic of the sample. 

Also, there has been proposed a near field scan- so 
ning microscope which uses the probe that has been 
shaped like a hook as an AFM cantilever, vibrates the tip 
of the probe vertically relative to the surface of the sam- 
ple, detects the variation in the amplitude of the vibra- 
tion that occurs due to the action of the atomic force 55 
between the surface of the sample and the tip of the 
probe by the reflection of a laser light that has been radi- 
ated onto the probe, moves the sample by a fine moving 
mechanism and thereby maintains the interval between 



the tip of the probe and the surface of the sample to be 
at a fixed value, detects the surface topography of the 
sample from the intensity of the signal input to the fine 
moving mechanism, and simultaneously radiates a 
laser light from the tip of the probe onto the sample to 
thereby measure the optical characteristics of this sam- 
ple. 

In the above-mentioned scanning probe micro- 
scopes each using a probe that consists of a optical 
waveguide, the detection of the variation in the ampli- 
tude of the vforation occurring due to the frictior 
between the surface of the sample and the tip of the 
probe, or the detection of the atomic force acting on the 
surface of the sample and the tip of the probe, is per- 
formed using the elastic function of the probe. Conven- 
tionally, as this elastic function, the elasticity of the 
optical waveguide itself is used as is. 

Whereas the spring constant of the cantilever ol the 
AFM is in a range of from 1/1 00 N/m to 1 /1 0 M/m or so, 
the spring constant of the optical f ber is in a range of 
from several N/m to several ten N/m when utilizing the 
elastic function of this optical fiber itself. In a range 
wherein the near field microscopes are applied, it is 
considered to use a relatively large number of soft sam- 
ples such as biological samples and high-molecular 
samples. The use of the optical fiber probe that utilizes 
the elastic function of the optical fiber itself with respect 
to these soft samples deforms these samples inconven- 
iently. In addition, there was also the likelihood of caus- 
ing damages to the tip of the probe. Further, although in 
the case of performing scanning control utilizing the res- 
onance vibration of the probe the higher the resonance 
frequency the higher the scanning speed, when making 
short the elastic functioning portion that corresponds to 
the cantilever and thereby making the resonance fre- 
quency high, there was the problem that the spring con- 
stant thereof became further increased. 

Also, where mounting the probe onto the quartz 
oscillator and detecting the atomic force acting between 
the surface of the sample and the tip of the probe or 
other forces associated with the interaction therebe- 
tween as the variation in the resonance characteristic of 
the quartz oscillator, when the spring constant and 
weight of the elastic functioning portion are respectively 
at large values, the detection sensitivity of the quartz 
oscillator deteriorates, with the result that there arises 
the problem that it is impossible to sufficiently detect 
weak forces such as the above-mentioned atomic 
forces. While in order to maintain the detection sensitiv- 
ity (Q value) of the quartz oscillator it is needed to use a 
large quartz oscillator, there has been the problem that 
the spring constant becomes inconveniently large. 

SUMMARY OF THE INVENTION 

An object of the present invention is to make small 
the spring constant of the probe. 

Another object of the present invention is to realize 
a probe which enable the measurement of the sample 
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through a relatively soft contact of the probe with the 
sample. 

Further object of the present invention is to realize 
a high resolution scanning probe microscope. 

In order to attain the above objects, according to the 5 
present invention, a portion of the probe having an elas- 
tic function, the probe having the elastic function in the 
vicinity of a tip portion thereof, has been formed inte- 
grally with a base portion that supports this elastic func- 
tioning portion and, also, the probe has been formed io 
such that the outer conf iguration of the elastic function- 
ing portion is smaller in diameter than the outer config- 
uration of the base portion. Also, a constricted portion 
has been provided in a part of the elastic functioning 
portion. Also, the probe has been shaped like a circular 75 
cylindrical column, a tip portion of which has been 
shaped like a hook or straight line. Also, the level differ- 
ence in a boundary zone between the base portion and 
the elastic functioning portion has been tapered- Also, 
on the elastic functioning portion, there has been 20 
loaded a piezoelectric member that can electrically 
detect the distortions that are associated with the elastic 
function. 

On the other hand, a step of manufacturing a probe 
has been made to include a step of decreasing the out- 25 
side diameter of a part of the probe material and a step 
of sharpening a tip portion of the probe. 

Also, the step of manufacturing the probe has been 
made to include the step of decreasing the outside 
diameter of a part of the probe material, the step of 30 
sharpening the tip portion of the probe and a step of 
shaping into a hook like configuration the tip portion of 
the probe and a portion thereof that is continuous to this 
tip portion. 

Also, the step of manufacturing the probe has been 35 
made to include the step of decreasing the outside 
diameter of a part of the probe material, the step of 
sharpening the tip portion of the probe and a step of 
forming a constricted portion in a part of the elastic 
functioning portion. *o 

Also, the step of manufacturing the probe has been 
made to include the step of decreasing the outside 
diameter of a part of the probe material, the step of 
sharpening the tip portion of the probe, the step of shap- 
ing into a hook like configuration the tip portion of the 45 
probe and a portion thereof that is continuous to this tip 
portion and the step of forming a constricted portion in a 
part of the elastic functioning portion. 

Among these steps of manufacturing the probe, the 
step of decreasing the outside diameter of a part of the so 
probe material and the step of sharpening the tip por- 
tion of the optical waveguide have been executed as a 
wet chemical etching step that uses the same etching 
solution, which wet chemical etching step has been exe- 
cuted as the execution of the sub-steps of immersing ss 
the probe in an etching solution and thereby decreasing 
the outside diameter thereof, next drawing it up from the 
etching solution by a required length, and further contin- 
uing the etching operation and sharpening the tip por- 



tion of the probe. The etching solution that is used in this 
step has been made to be an etching solution that con- 
sists of a first solution layer that consists mainly of 
hydrofluoric acid and a second solution layer that is 
smaller in specific gravity than the first solution layer 
and that does not react, and is not mixed, with the first 
solution layer. 

Also, a step that is supplementary to the step of 
sharpening the tip portion of the probe has been exe- 
cuted as a step of applying a pulling force to the optical 
waveguide while heating it by heating means to thereby 
break it. 

Also, the step of forming a constricted portion in a 
part of the elastic functioning portion has been executed 
as the step of forming a protective film on the tip portion 
of the probe and a part, or the whole, of the elastic func- 
tioning portion and then forming the constricted portion 
by wet chemical etching. A step that is supplementary to 
the step of forming the constricted portion has been 
executed as the step of not using a protective film, an 
etching solution that is used in this step being prepared 
as an etching solution that consists of a f irst solution 
layer that consists mainly of hydrofluoric acid, a second 
solution layer that is smaller in specific gravity than the 
first solution layer and that does not react, and is not 
mixed, with the first solution layer and a third solution 
layer that is greater in specific gravity than the first solu- 
tion layer and that does not react, and is not mixed, with 
any one of the first and second layers. 

The step of manufacturing the probe has been exe- 
cuted as the step of using a optical waveguide as the 
material of the probe, which has been prepared by add- 
ing to the overall step a step of depositing a metal clad- 
ding onto the tip portion of the probe that excludes a 
aperture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view illustrating a probe accord- 
ing to a first embodiment of the present invention; 
Fig. 2 is a sectional view illustrating a hook-shaped 
probe according to a second embodiment of the 
present invention; 

Fig. 3 is a sectional view illustrating a probe with a 
constricted portion according to a third embodiment 
of the present invention; 

Fig. 4 is a sectional view illustrating a hook-shaped 
probe with a constricted portion according to a 
fourth embodiment of the present invention; 
Fig. 5 is a view illustrating the construction of a 
probe with a piezoelectric member according to a 
fifth embodiment of the present invention; 
Figs. 6(A), 6(B) and 6(C) are views illustrating a 
manufacturing method for manufacturing a probe 
according to the present invention; 
Figs. 7(A) and 7(B) are views illustrating a manufac- 
turing method for manufacturing a hook-shaped 
probe according to another embodiment of the 
present invention; 
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Figs. 8(A), 8(B) and 8(C) are views illustrating a 
manufacturing method for manufacturing a probe 
with a constricted portion according to the present 
invention; 

Fig. 9 is a view illustrating a manufacturing method 

for manufacturing a probe with a constricted portion 

according to the present invention; 

Fig. 10 is a view illustrating a manufacturing method 

for manufacturing a probe with a constricted portion 

according to the present invention; 

Fig. 1 1 is a view illustrating a manufacturing method 

for manufacturing a probe with a constricted portion 

according to the present invention; and 

Fig. 12 is a view illustrating the construction of a 

scanning probe microscope that uses the probe of 

the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will now be 
explained with reference to the drawings. In this embod- 
iment, an explanation will be given of a probe as an 
example which consists of a optical waveguide. 

Fig. 1 is a sectional view illustrating the construction 
of a optical waveguide probe according to a first embod- 
iment of the present invention. 

An optical ffoer 1 which is a optical waveguide is 
composed of a core portion 2 that propagates light 
therethrough and clad portions 3 that differ in refractive 
index from each other. A tip portion of the optical fber 1 
is made sharp, the diameter of an elastic functioning 
portion 4 is made smaller than the diameter of a base 
portion 5, and a level difference portion 6 in a boundary 
zone between the base portion 5 and the elastic func- 
tioning portion 4 is tapered. The tip portion of the probe 
that excludes the aperture is clad by a metal film clad- 
ding 7. As the optical fiber 1 there can be used single 
mode fibers and multi-mode fibers and further plane-of- 
polarization preservation f toers or the like that have var- 
ious clad diameters and cladding diameters. As another 
optical waveguide it is also possible to use a capillary. 
As the material of the metal film cladding 7 there are 
used materials capable of reflecting light such as gold, 
platinum, aluminium, chromium, nickel, etc. in a case 
where the optical waveguide probe illustrated in Fig. 1 is 
loaded on a near field optical microscope that is of a 
type causing horizontal vibration of the tip of the probe 
relative to the surface of the sample, using the optical 
waveguide probe by supporting the base portion 5 
thereof makes it possible to use it while maintaining a 
conventional mechanical strength of the supporting por- 
tion as is. Although the probe can be also used by sup- 
porting a part of the elastic functioning portion 4, the 
mechanical strength of the supporting portion deterio- 
rates. 

According to the above-mentioned construction of 
the optical waveguide, the spring constant of the elastic 
functioning portion can be made small in value, 
whereby measurement can be performed of a soft 



material without deforming the same. Also, it is possible 
to prevent the impairment of the sample and the tip of 
the probe. Further, in the case of performing scanning 
control by utilizing the resonance of the probe, it is pos- 

5 sibie to shorten the elastic functioning portion without 
increasing the spring constant and thereby increase the 
resonance frequency to thereby increase the scan 
speed. Also, by tapering the level difference in the 
boundary zone between the base portion and the elas- 

10 tic functioning portion, it is possible to enhance the 
dothability of the level difference portion by the metal 
film and thereby prevent the light leakage from the 
probe. 

Fig. 2 is a sectional view illustrating the construction 
is of a hook-shaped optical waveguide probe according to 
a second embodiment of the present invention. 

An optical fiber 1 which is a optical waveguide is 
composed of a core portion 2 that propagates light 
therethrough and clad portions 3 that differ in refractive 
20 index from each other. A tip portion of the optical fiber 1 
is made sharp and shaped into a hook, the diameter of 
the elastic functioning portion 4 is made smaller than 
the diameter of the base portion 5, and the level differ- 
ence portion 6 in the boundary zone between the base 
25 portion 5 and the elastic functioning portion 4 is 
tapered. The tip portion of the probe that excludes the 
aperture is clad by the metal film cladding 7. If the opti- 
cal waveguide probe illustrated in Fig. 2 is loaded on a 
near field scanning microscope, using the optical 
30 waveguide probe by supporting the base portion 5 
makes it possible to use it while maintaining a conven- 
tional mechanical strength of the supporting portion as 
is. Although the probe can be also used by supporting a 
part of the elastic functioning portion 4, the mechanical 
35 strength of the supporting portion deteriorates. 

According to the above-mentioned construction of 
the optical waveguide probe, it is possible to make small 
in value the spring constant of the elastic functioning 
portion and measure a soft sample without deforming it. 
40 Also, it is possible to prevent the impairment of the sam- 
ple and the tip of the probe. Further, in the case of per- 
forming, scanning control by utilizing the resonance of 
the probe, it is possftae to shorten the elastic functioning 
portion without increasing the spring constant to 
45 thereby increase the resonance frequency and hence 
increase the scanning speed. Also, by tapering the level 
difference in the boundary zone between the cylindrical 
columnar base portion and elastic functioning portion, it 
is possible to enhance the dothability of the level differ- 
so ence potion by the metal film and thereby prevent the 
occurrence of the optical leakage of the probe. On the 
other hand, in even the case of using in a contact mode 
of AFM apparatus, in which control is performed without 
using the resonance of the optical waveguide probe, it is 
55 also possible to make small the spring constant of the 
elastic functioning portion and thereby prevent the 
impairment of the sample and the tip of the probe. 

Fig. 3 is a sectional view illustrating the construction 
of a optical waveguide probe that has a constricted por- 
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tion according to a third embodiment of the present 
invention. 

With respect to the embodiment illustrated in Fig. 1, 
this third embodiment has a construction wherein a con- 
stricted portion 8 has been disposed in a part of the 
elastic functioning portion 4. By disposing the con- 
stricted portion 8 in a part of the elastic functioning por- 
tion 4, it is possible to make smaller in value the spring 
constant of the elastic functioning portion 4. The func- 
tion and effect that are attainable by the above-men- 
tioned construction of the optical waveguide probe have 
no difference from those which are attainable by the 
embodiment illustrated in Fig. 1 

Fig. 4 is a sectional view illustrating the construction 
of a hook-shaped optical waveguide probe with a con- 
stricted nortion according to a fourth embodiment of the 
present invention. 

With respect to the embodiment illustrated in Fig. 2, 
this fourth embodiment has a construction wherein the 
constricted portion 8 has been disposed in a part of the 
elastic functioning, portion 4. By disposing the con- 
stricted portion 8 in a part of the elastic functioning por- 
tion 4, it is possible to make smaller the spring constant 
of the elastic functioning portion 4. The function and 
effect that are attainable by the above-mentioned con- 
struction of the optical waveguide probe have no differ- 
ence from those which are attainable by the 
embodiment illustrated in Fig. 3. 

Although in Figs. 3 and 4 illustration has been made 
of the example wherein the constricted portion 8 has 
been formed in the boundary zone between the level dif- 
ference portion 6 and the elastic functioning portion 4, 
the constricted portion 8 can be formed at any position 
of the elastic functioning portion 4. On the other hand, 
the configuration of this constricted portion 8 can be 
also made into a flat configuration. By making the probe 
flat so as for this probe to become thin in the flexure 
direction thereof and thereby, making small the spring 
constant of the AFM probe as viewed in the flexure 
direction thereof and in addition making large the spring 
constant thereof as viewed in a direction perpendicular 
to the flexure direction, it is possible to suppress the dis- 
placement of the probe in this perpendicular direction. 

Fig. 5 is a view illustrating the construction of a opti- 
cal waveguide probe having a piezoelectric member 
according to a fifth embodiment of the present inven- 
tion. 

The figure represents the construction wherein a 
turning-fork type quartz oscillator 9 has been installed 
as the piezoelectric member onto the elastic functioning 
portion 4 of the hook-shaped optical waveguide probe 
illustrated in the embodiment of Fig. 2. 

According to the construction of the optical 
waveguide probe illustrated in Fig. 5. since the outside 
diameter of the elastic functioning portion 4 is smaller 
than the outside diameter of the base portion 5 and the 
spring constant and weight thereof are small, the effect 
of the quartz oscillator upon the resonance characteris- 
tic is small. Accordingly, it is possible to detect as the 



variation in the resonance characteristic of the quartz 
oscillator the atomic force acting between the surface of 
the sample and the tip of the probe or other forces asso- 
ciated with the interaction occurring therebetween. 
5 For example, in a case where use is made of an 

ordinary optical fiber having a cladding diameter of 125 
prn, if the quartz oscillator is one whose resonance fre- 
quency is 32 kHz and whose spring constant is approx- 
imately 2000 N/m or so, the use of this quartz oscillator 
io is possible. However, rf the optical fiber probe is one 
whose elastic functioning portion 4 is made to have a 
diameter of approximately 1 0 u.m or so, it becomes pos- 
sible to use a quartz oscillator whose spring constant is 
approximately 20 N/m or so. 
is While in the embodiment of Fig. 5 illustration has 
been made of the construction wherein the turning-fork 
type quartz oscillator 9 is installed onto the hook- 
shaped optical waveguide probe illustrated in the 
embodiment of Fig. 2, even when the turning-fork type 
20 quartz oscillator 9 has been installed onto the optical 
waveguide probe illustrated in the embodiment of Fig. 4 
or onto the straight line-shaped optical waveguide probe 
illustrated in the embodiment of Fig. 1 or 3, the same 
function and effect can be obtained. Also, here, the 
25 quartz oscillator 9 is not always needed to be of a turn- 
ing-fork type. Namely, even if the quartz oscillator is only 
one leg portion thereof having the probe mounted ther- 
eon, it can operate as the quartz oscillator. Also, if the 
piezolectric member is one which has piezoelectric 
30 characteristics in the flexure direction of the optical 
waveguide probe, it is usable even when it is not a 
quartz oscillator. 

Figs. 6(A) and 6{B) are views that represent a man- 
ufacturing method for manufacturing a optical 
35 waveguide probe according to the present invention. 

Fig. 6(A) represents the step of decreasing the out- 
side diameter of the optical fiber 1 and represents a 
state where the portion of the optical fiber 1 whose out- 
side diameter is decreased has been immersed in an 
40 etching solution. The etching solution is composed of 
two layers, one being a first solution layer 10 that con- 
sists mainly of hydrofluoric acid and the other being a 
second solution layer 1 1 that is smaller in specific grav- 
ity than the first solution layer and that does not react, 
45 and is not mixed, with the first solution layer. As the first 
solution layer 10 there is used an aqueous solution of 
hydrofluoric acid or a mixed solution of hydrofluoric acid 
and ammonium fluoride. While as the second solution 
layer 1 1 there is used an organic solvent such as hex- 
so ane, hepane or octane, fats and fatty oils such as min- 
eral oil. vegetable oil, chemosynthesis oil, etc., it is also 
possible to use another solution that is smaller in spe- 
cific gravity than the first solution layer 1 0 and that does 
not react, and is not mixed, with the first solution. 
55 The synthetic resin cladding of the optical fiber 1 is 
removed from the terminal end thereof over a range of 
from 1 cm to 1 0 cm to thereby clean the surface thereof. 
Next, the portion of the optical fiber 1 that covers from 
the terminal end thereof over a range of from 0. 5 mm to 
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50 mm is inserted into the first solution layer 10 of the 
etching solution. At this time, the etching action on the 
optical fiber proceeds within the first solution layer 10 of 
the etching solution, whereby the portion thereof that 
corresponds to the elastic functioning portion 4 goes on 5 
being formed thin. At the interfacial portion between the 
first solution layer 10 and the second solution layer 1 1 
the level difference portion 6 in the boundary zone 
between the base portion 5 and the elastic functioning 
portion 4 is formed to be tapered due to the meniscus 70 
action. 

Fig. 6(B) represents the step of sharpening the tip 
portion of the optical fber 1 and represents a state 
where the portion of the optical fiber 1 that is to be made 
sharp has been immersed in an etching solution. This is 
sharpening step is disclosed by Dennis R. Turner et al 
(US 4, 469, 554). 

After having etched in the step illustrated in Fig 
6(A) the elastic functioning portion 4 up to a desired out- 
side diameter, the optical fiber 1 is drawn up from the 20 
etching solution by a portion thereof that corresponds to 
the length of the elastic functioning portion 4. At this 
time, at the interfacial portion between the first solution 
layer 10 and the second solution layer 1 1 , the tip portion 
of the optical fber 1 is tapered to be sharpened due to 25 
the meniscus action. When the portion of the optical 
fiber 1 that is immersed in the first solution layer 10 has 
been completely etched, this etching is ended. 

Although in Fig. 6(B) illustration has been made of 
the step of sharpening by the chemical etching, this 30 
step of sharpening is also executable with the heating 
and stretching step as well. After having etched the 
elastic functioning portion 4 by the method illustrated in 
Fig. 6(A), stretching to each end while heating the por- 
tion of the probe that is desired to be sharpened is per- 35 
formed to thereby sharpen this desired portion. As the 
heating means it is possible to use a method of con- 
densing and applying a carbon dioxide laser light or a 
method of passing the optical fiber through a coiled plat- 
inum wire at the center and passing an electric current 40 
through the platinum wire and heating the same. 

Ftg. 6(C) is a sectional view illustrating the step of 
depositing the metal film cladding 7 onto the tip portion 
of the optical fiber formed in the step previously illus- 
trated that excludes the aperture portion thereof. As the 45 
deposition method for depositing the metal film cladding 
7 there is used an anisotropic thin film deposition 
method such as vacuum deposition, sputter, etc and 
the film thickness thereof is selected from within a range 
of from 20 nm to 1000 nm. The deposition direction is so 
directed toward a backward portion of the tip portion of 
the optical fber as indicated by the arrows in Fig. 6(C) 
and the angle A is selected from within a range of from 
20 degrees to 90 degrees. The size of the aperture can 
be varied according to the size of the sharpened tip of ss 
the optical fiber, film thickness of the metal film cladding 
7 and deposition angle thereof. 

According to the above-mentioned manufacturing 
method for manufacturing the optical waveguide probe, 



as illustrated in the steps of Figs. 6(A) and 6(B), the step 
of making the elastic functioning portion 4 thin and the 
step of sharpening can be easily executed using the 
same etching solution. Also, since the level difference 
portion 6 in the boundary zone between the base por- 
tion 5 and the elastic functioning portion 4 can be easily 
tapered, when performing metal film cladding in the step 
illustrated in Fig. 6(C) it is possible to completely clothe 
the level difference portion and thereby prevent the 
occurrence of light leakage from the probe. 

Although Figs. 6(A), 6(B) and 6(C) have illustrated 
the manufacturing process steps for manufacturing the 
straight line-shaped optical waveguide probe, it is possi- 
ble to manufacture the hook-shaped optical waveguide 
probe that has been illustrated in Fig. 2 in the same way. 

Figs. 7(A) and 7(B) are views illustrating a manufac- 
turing method for manufacturing a hook-shaped optical 
waveguide probe according to another embodiment of 
the present invention. 

By the same method as that which has been used 
in the process steps illustrated in Figs. 6(A) and 6(B), 
the outside diameter of the elastic functioning portion 4 
is made small and the tip portion thereof is made sharp. 
Thereafter, as illustrated in Fig. 7(A), a carbon dioxide 
gas laser light is applied onto a portion of the optical 
fber that covers from a sharpened tip thereof to within a 
range of from 0. 1 mm to 2 mm and, when the angle that 
is defined therein prior to its being deformed be 0 
degree, this portion is thereby deformed into a hook-like 
configuration whose bend angle is in a range of from 60 
degrees to 90 degrees or so. At this time, since the 
amount of heat absorbed by a side of this portion having 
a laser light applied thereonto is larger than the amount 
of heat absorbed by the opposite reverse side, due to 
the surface tension resulting from the softening thereof 
the tip portion of the optical fiber is bent at and toward 
the side where the laser light is applied. The adjustment 
of this bend angle can be performed by controlling the 
output of the laser light while confirming the extent by 
which the bend is being made. 

Fig. 7(B) is a sectional view illustrating the step of 
depositing the metal film cladding 7 onto the tip portion 
that excludes the aperture portion. The step illustrated 
in Fig. 7(B) is the same as the step illustrated in Fig. 
6(C) excepting that the deposition direction of the metal 
film cladding 7 differs as a result of the tip portion of the 
probe being shaped like a hook. The angle A at which 
the deposition direction is defined is selected from 
within an angular range of from 20 degrees to 90 
degrees with respect to the direction in which the tip 
portion is directed. In a case where on account of the tip 
portion being shaped like a hook cladding cannot be 
performed at one film forming time up to the elastic 
functioning portion 4 and the base portion 5, there is 
executed the step of forming the aperture portion, then 
clothing the aperture portion by a resist material, then 
clothing the elastic functioning portion 4 and base por- 
tion 5 separately by a metal f im and lifting off the resist 
material, whereby manufacture can be made of a probe 
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that is small in background light. 

The function and effect that are attainable with the 
optical waveguide probe manufacturing method that is 
illustrated in Fig. 7 are the same as those which are 
attainable with the optical waveguide probe manufactur- s 
ing method that is illustrated in the embodiment of Fig. 
6. 

Also, when the hook-shaped optical waveguide 
probe is used by being loaded on the near field scan- 
ning microscope, if the probe displacement detection io 
method is executed with the use of an "optical lever" , it 
is needed to form a reflection surface therefor with 
respect to the probe. In this case, after having formed 
the tip portion of the probe into a hook by the use of the 
method illustrated in Fig. 7(A) and before depositing the is 
metal film cladding 7, the reflection surface is formed 
with respect to a rear surface of the hook-shaped por- 
tion through mechanical abrasion, whereupon the 
resulting probe is used. 

Next, an explanation will be given of a manufactur- 20 
ing method for manufacturing a optical waveguide probe 
with the constricted portion 8 according to the present 
invention. 

First, the elastic functioning portion 4 of the optical 
fiber 1 is decreased down to a desired outside diameter 25 
by executing the steps illustrated in Figs. 6(A) and 6(B) 
to thereby sharpen the tip portion thereof Next, a pro- 
tective film 13 is formed on the tip portion of the optical 
waveguide probe and the elastic functioning portion 4 
thereof. Fig. 8(A) represents a state where the tip por- 30 
tion of the optical waveguide probe and the elastic func- 
tioning portion 4 are immersed in a protective film 13 
solution. The protective film 13 solution is filled into a 
capillary 1 4, after which a optical waveguide probe 20 is 
immersed, while being observed by the microscope, up 35 
to the boundary between the level difference portion 6 
and the elastic functioning portion 4 or up to a position 
that is lowered therefrom. Fig. 8(B) represents a state 
where the optical waveguide probe 20 has been drawn 
up by approximately a half thereof. By repeating the 40 
steps of (A) and (B), it is possible to form the protective 
film 13 on the tip portion of the optical waveguide probe 
and elastic functioning portion 4. Next, the constricted 
portion is formed by etching. Fig. 8(C) represents a 
state where the optical waveguide probe 20 having had 45 
the protective film 1 3 formed on the tip portion and elas- 
tic functioning portion 4 thereof is being immersed in an 
etching solution. The optical waveguide probe 20 is 
immersed in the etching solution in such a way that the 
boundary portion between the level difference portion 6 so 
thereof and the protective film 13 is in conformity with 
the interfacial portion between a first solution layer 10 
and second solution layer 1 of the etching solution to 
thereby decrease the outside diameter of the boundary 
portion to a desired diameter and thereby form the con- 55 
stricted portion. The etching solution that is used in this 
constricted portion forming step is the same as that 
which was used in the step illustrated in Fig. 6 which 
decreases the outside diameter of the probe and sharp- 



ens the tip portion thereof. Next, the protective film is 
removed using a solvent, whereby the metal film clad- 
ding 7 is deposited on the tip portion of the optical fiber 
that excludes the aperture portion through the execution 
of the step illustrated in Fig. 6(C). 

Although in the embodiment of Fig. 8(A) illustration 
has been made of the method of forming the protective 
film 1 3 by the use of a capillary, it is also possible to form 
the protective film 13 by, with no capillary being used, 
filling a protective film material in an ordinary receptacle 
and immersing the optical waveguide probe up to a pre- 
scribed position while observing with the use of the 
microscope. As the material of the protective film there 
is used a resist material that has a resistance to fluoric 
acid. 

Also, although in the embodiment of Fig. 8 illustra- 
tion has been made of the manufacturing method for 
manufacturing a straight line-shaped optical waveguide 
probe, the constricted portion 8 can be also formed sim- 
ilarly with respect to even the hook-shaped optical 
waveguide probe illustrated in Fig. 2. Also, by forming 
the constricted portion 8 of the optical waveguide probe 
by the manufacturing method illustrated in Fig. 8 and 
thereafter shaping the configuration thereof into a hook 
by executing the step that is illustrated in the manufac- 
turing method illustrated in Fig. 7, it is also possible to 
form the hook-shaped optical waveguide probe that has 
the constricted portion 8 illustrated in Fig. 4. 

Fig. 9 is a view illustrating another manufacturing 
method for manufacturing the optical waveguide probe 
that has a constricted portion according to the present 
invention. 

The figure represents a state where the boundary 
zone between the level difference portion 6 of the opti- 
cal waveguide probe 20 and the elastic functioning por- 
tion 4 is immersed in the interfacial portion between the 
f irst solution layer 10 and the second solution layer 1 1 of 
the etching solution. The etching solution that has been 
used here is composed of three layers, a first one 
thereof being the first solution layer 10 that consists 
mainly of hydrofluoric acid, a second one thereof being 
the second solution layer 1 1 that is smaller in specific 
gravity than the first solution layer and that does not 
react, and is not mixed, with the first solution layer, and 
a third one thereof being a third solution layer 12 that is 
larger in specific gravity than the first solution layer 10 
and that does not react, and is not mixed, with any one 
of the f irst and second solution layers. As the third solu- 
tion layer there is used an organic solvent including car- 
bon tetrachloride which contains chlorine and is large in 
specific gravity. According to the etching method illus- 
trated in Fig. 9, since the etching action of the optical 
waveguide probe 20 proceeds with only the portion 
thereof that corresponds to the first solution layer 10. it 
is possible to form the constricted portion that corre- 
sponds to the thickness of the first solution layer 10. 

Also, when forming the constricted portion with the 
three-layer structure etching solution, it is needed to 
make the length of the constricted portion 1 mm or less. 
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For this reason, it is needed to make thin the thickness 
of the first solution layer 10. By adding a surface active 
agent to the first solution layer 10 in order to decrease 
the surface tension thereof, it is possible to make thin 
the thickness of the first solution layer 10. 5 

Although in the constricted portion forming method 
that has been illustrated in the embodiment of Fig. 9 it is 
not needed to dothe the tip portion of the optical 
waveguide probe 20 and elastic functioning portion 4 by 
a protective film, by clothing the tip portion of the optical 10 
waveguide 20 by the protective film 13 by the embodi- 
ment illustrated in Fig. 8(A) it is possible to prevent the 
impairment of the tip portion of the optical waveguide 
probe 20 that occurs when inserting this probe into, or 
drawing it out from, the etching solution. 15 

Although in the embodiment illustrated in Fig. 9 
illustration has been made of the manufacturing method 
for manufacturing the straight line-shaped optical 
waveguide probe illustrated in Fig. 1, same handling 
can be also performed of the optical waveguide probe 20 
shaped like a hook that has been illustrated in the 
embodiment of Fig. 2. Also, by forming the constricted 
portion 8 of the optical waveguide probe by the embod- 
iment illustrated in Fig. 9 and thereafter shaping the 
configuration thereof into a hook by executing the step 25 
illustrated in the embodiment of Fig. 7, it is also possible 
to form the hook-shaped optical waveguide probe that 
has the constricted portion 8 illustrated in Fig. 4. 

Fig. 10 is a view illustrating a variation that presents 
another optical waveguide probe manufacturing method 30 
that has the constricted portion according to the present 
invention. This figure represents a state where the 
boundary between the level difference portion 6 and 
elastic functioning portion 4 of the optical waveguide 
probe 20 is immersed in the etching solution so as to be 35 
kept in conformity with the interfacial portion between 
the first solution layer 10 and second solution layer 1 1 
thereof, and this variation differs from the embodiment 
illustrated in Fig. 9 in that the etching solution has been 
filled in a capillary. By filling the etching solution in the 40 
capillary, it is possible to make thin the first solution layer 
10 by the action of the surface tension that occurs 
between the etching solution and the wall surface of the 
capillary. 

Also, the constricted portion 8 can be formed also 45 
by working that uses a focused ion beam (Focused Ion 
Beam) technique. According to this FIB technique, 
since the side surface of a prescribed portion of the 
elastic functioning portion 4 can be shaved off, it is pos- 
sible to form easily the constricted portion that has a flat so 
configuration. 

Also, as the method of forming the constricted por- 
tion that has a flat configuration, first, as illustrated in 
Fig. 11(A), recessed portions 15 are formed in advance 
by abrasion in opposing side surfaces of the optical 55 
fiber. When the step illustrated in Fig. 6 is executed with 
respect to this optical fiber, it is possible to decrease the 
outside diameter of the fiber portion that excludes these 
recessed portions as illustrated in Fig. 1 1(B). By further 



executing the step of sharpening the tip portion, it is 
possible to form the constricted portion 8 that has a flat 
configuration as illustrated in Fig. 1 1(C). 

Next, the construction of the scanning probe micro- 
scope that uses the probe of the present invention will 
be explained using a near field scanning microscope as 
an example. Fig. 12 is a view illustrating the construc- 
tion of a near field scanning microscope that uses a 
optical waveguide probe according to the present inven- 
tion. 

The hook-shaped optical waveguide probe 20 that 
is illustrated in the embodiment of Fig. 2 or 4 is installed, 
through the base portion 5, on a bimorph 21 which is 
vibration means. Then, the tip of the optical waveguide 
probe 20 is vertically vibrated relative to a sample 23, 
whereby the atomic force that acts between the tip of 
the optical waveguide probe 20 and the surface of the 
sample 23 or other forces such as magnetic force, elec- 
trostatic force, etc. which are associated with the inter- 
action between the two are detected by displacement 
detecting means 22 as the variation in the vibration 
characteristics of the optical waveguide probe 20. Then, 
the sample is moved and scanned by an XY2 move- 
ment mechanism 24 while controlling the interval 
between the tip of the optical waveguide probe 20 and 
the surface of the sample 23 by control means 25 so as 
to keep it to be fixed, thereby measuring the surface 
topography. Simultaneously, the light from an optical 
characteristic measurement light source 26 is intro- 
duced into the optical waveguide probe 20. Then, this 
light is radiated onto the sample 23 from the aperture 
that is at the tip of the optical waveguide probe 20 to 
thereby make detection thereof by an optical character- 
istic measurement light detecting means 27 and thereby 
make measurement of the optical characteristic in a fine 
region of the sample. 

Although Fig. 10 has illustrated the transmission 
type construction wherein the measurement light is 
detected at the back of the sample 23, a reflection type 
construction for detecting the measurement light from 
the surface of a sample and a construction for detecting 
the light by means of the optical waveguide probe 20 
are also possible to make. Also, although, usually, an 
optical lever is used as the displacement detecting 
means 22, rf there is used a optical waveguide probe 
with piezoelectric member that is illustrated in Fig. 5, the 
use of the displacement detecting means becomes 
unnecessary. 

Also, although Fig. 12 has illustrated the apparatus 
construction for vibrating the optical waveguide probe 
20, an apparatus construction for using no bimorph 21 
and performing measurement as a contact mode of 
AFM is also possible to make Compared to the case of 
vibrating the optical waveguide probe 20, in the case of 
operating as a contact mode of AFM, usually, if the 
spring constant of the elastic functioning portion of the 
probe is high in magnitude, it is very likely that impair- 
ment may be caused of the tip of the optical waveguide 
probe 20 and the sample. Since the optical waveguide 
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probe 20 of the present invention makes it possible to 
make the spring constant of the elastic functioning por- 
tion small in magnitude, it is possible to easily perform 
high-resolution measurement with the use of a contact 
mode of AFM. 

Further, in the case of operating as a contact mode 
of AFM by the use of the optical waveguide probe 20 
according to the present invention, if the displacement 
detecting means 22 illustrated in Fig . 10 is made to have 
an additional function as that of torsion detecting means 
fa detecting the torsion of the optica! waveguide probe 
20 during scan thereof or torsion detecting means is 
provided separately, it is possible to detect as the tor- 
sion of the probe the frictional force that acts between 
the probe and the surface of the sample during scan. 
That is, it is possible to operate as a scan-type frictional 
face microscope by the use of the optical waveguide 
probe 20, whereby it becomes possible to make com- 
parison measurement between the frictional force 
occurring on the surface of the sample and the optical 
characteristic thereof. If. for example, a photo-detector 
that serves as an optical lever is prepared from a photo- 
diode that has vertical/horizontal 4-division Hght receiv- 
ing surfaces and this photo-diode is used as the torsion 
detecting means, the displacement of the optical 
waveguide probe 20 can be detected by a difference 
between the signals from the vertical two-division light 
receiving surfaces of the photo-diode while, on the other 
hand, the torsion of the optical waveguide probe 20 can 
be detected by a difference between the signals from 
the horizontal two-division light receiving surfaces of the 
photo-diode. 

Also, if there is made a construction wherein with 
the straight line-like probe illustrated in Fig. 1 or 3 being 
used the tip portion of the probe is vibrated horizontally 
relative to the surface of the sample 23, it is possible to 
realize by utilizing the displacement force acting 
between the tip of the probe and the surface of the sam- 
ple a near field scanning microscope that is adapted to 
scan so as to keep fixed the interval between the tip of 
the probe and the surface of the sample. 

Further, if a covering for being applied onto a liquid 
receptacle is provided to each of the above-mentioned 
near field scanning microscope so that the probe and 
sample may be held in a liquid, it is possible to perform 
measurement in a liquid. 

Although in the foregoing description the optical 
waveguide probe has been explained, this probe can be 
used as a probe for use on AFM only. In this case, the 
provision of the metal cladding film on the tip portion is 
unnecessary with the result that the tip portion ban be 
shaped into a sharper configuration. As the probe mate- 
rial there can be used an optical fiber, glass fiber, fine 
metal wire, etc. As the characteristic of the optical 
waveguide probe that is exhibited when it has been 
used as an AFM probe, particularly in a mode for detect- 
ing the atomic force by vibrating the probe in a liquid, 
compared to a conventional AFM probe which is made 
up into a plate structure and therefore undergoes the 



effect of the viscosity of the disturbance vibration that 
propagates through the interior of the liquid, the probe 
of the present invention exhibits very stable resonance 
characteristic to thereby enable stable measurement. 

5 As has been explained above, according to the con- 

struction of the probe, and the manufacturing method, 
of the present invention, it is possible to make small in 
value the spring constant of the elastic functioning por- 
tion and measure a soft sample without deforming it. 

10 Also, it is possible to prevent the impairment of the sam- 
ple and the tip of the probe. Also, by tapering the level 
difference in the boundary zone between the base por- 
tion and the elastic functioning portion, it is possible to 
enhance the clothability of the level difference portion by 

is the metal film and thereby prevent the occurrence of the 
optical leakage of the optical waveguide probe. Further, 
in the case of loading on a probe of a type performing 
scanning control by utilizing the resonance of the probe, 
in which the tip of the probe is vibrated horizontally or 

20 vertically relative to the surface of the sample, it is pos- 
sible to shorten the elastic functioning portion without 
increasing the spring constant to thereby increase the 
resonance frequency and hence increase the scanning 
speed. Also, it is possible to perform AFM measurement 

25 in contact mode. As a result, measurement can be per- 
formed with the near field intensity being theoretically 
kept in a maximum state. And further horizontal resolu- 
tion of the sample surface is enhanced. Particularly, if 
the optical waveguide probe according to the present 

30 invention is used by being loaded on the near field scan- 
ning microscope, two data quantities, i.e., the irregulari- 
ties and optical characteristics of the sample surface, 
can be measured simultaneously and with higher reso- 
lution. 

35 Also, when measuring h the mode in which the 
probe is vibrated in a solution, stable measurement is 
possible compared to measurement which uses the 
conventional plate-like AFM probe. 

40 Claims 

1. A probe used for a surface scanning microscope, 
comprising: 

45 a sharp tip portion for detecting an atomic 

force; 

an elastic functioning portion in the vicinity of 
the sharp tip portion; and 
a base portion for supporting the elastic func- 
50 tioning portion, the base portion being formed 

integrally with the elastic functioning portion 
and an outer configuration of the elastic func- 
tioning portion is formed to be thinner than an 
outer configuration of the base portion. 

55 

2. A probe used for a surface scanning microscope, 
and comprised of a optical waveguide, comprising: 

a sharp tip portion for detecting an atomic 
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force, having at its end an aperture that permits 
the transmission therethrough of light and hav- 
ing a metal film except for the aperture ; 
an elastic functioning portion in the vicinity of 
the sharp tip portion; and 
a base portion for supporting the elastic func- 
tioning portion, the base portion being formed 
integrally with the elastic functioning portion 
and an outer configuration of the elastic func- 



wherein a cross section of the constricted 
portion is in aflat shape. 



sharpening an end of the part of the probe hav- 
ing the decreased outside diameter. 

13. A method tor manufacturing a probe, comprising 
5 steps of: 

decreasing the outside diameter of a part of the 
probe; 

sharpening an end of the part of the probe hav- 
ing the decreased outside diameter; and 
forming a constricted portion in a part of an 
elastic functioning portion of the probe material 
by chemical etching. 

1 4. A method for manufacturing a probe, 
comprising steps of: 

shaving off a part of a side surface of the probe; 
decreasing the outside diameter of the portion 
of the probe which includes this shaved off 
part; and 

sharpening a tip portion of the probe. 

15. A method for manufacturing a probe as set forth in 
claim 12, further comprising: 

shaping into a hook the tip portion of the probe. 

16. A method for manufacturing a probe as set forth in 
30 claim 12, further comprising: 



tioning portion is formed to be thinner than an 10 
outer configuration of the base portion. 

3. A probe as set forth in claim 1 , 

wherein the elastic functioning portion has a 
constricted portion whose outer configuration is 75 
thinner than that of the elastic functioning portion 
surrounding the constricted portion. 

4. A probe as set forth in claim 1 , 

wherein the base portion is a circular cyiin- 20 
drical portion. 

5. A probe as set forth in claim 1 , 

wherein a level difference in a boundary 
between the base portion and the elastic function- 25 
ing portion is in the shape of a taper. 

6. A probe as set forth in claim 3, 



1 0. A probe as set forth in claim 1 , further comprising: 

a piezoelectric member disposed integrally 
with the elastic functioning portion, and electri- 
cally detecting a distortion that has occurred in 
the elastic functioning portion. 



35 



7. A probe as set forth in claim 1 , 

wherein a material that constitutes the probe 
is an optical f ber. 

8. A probe as set forth in claim 1 , 

wherein the elastic functioning portion is 
shaped like a hook at a tip portion thereof. 

9. A probe as set forth in claim 1 , 40 

wherein the elastic functioning portion is 
shaped like a straight line at a tip portion thereof. 



45 



1 1 . A probe as set forth in claim 1 0, 

wherein the piezoelectric member is a 
quartz oscillator. 



depositing a metal film on the tip portion of the 
probe that excludes a aperture portion thereof. 

1 7. A method for manufacturing a probe as set forth in 
claims 12, 

wherein the step of decreasing the outside 
diameter of a part of the probe and the step of 
sharpening an end of the part of the probe are wet 
chemical etching steps that use the same etching 
solution, and further comprise a step of immersing 
the probe in an etching solution to thereby 
decrease the outside diameter of the part thereof 
and next drawing the probe up by a required length 
thereof and further continuing the etching to 
thereby sharpen the tip portion thereof. 

18. A method for manufacturing a probe as set forth in 
claim 12, 

50 wherein the step of sharpening the tip por- 

tion of the probe is a step of applying a pulling force 
to the optical waveguide while heating it by heating 
means and pulling it to breakage. 



12. A method for manufacturing a probe, comprising 55 
steps of: 

decreasing the outside diameter of a part of the 
probe; and 



19. A method for manufacturing a probe as set forth in 
claim 13, 

wherein the step of forming a constricted 
portion in a part of the elastic functioning portion is 
a step of forming a protective film on the tip portion 
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of the probe and a part, or the whole, of the elastic 
functioning portion to thereby form a constricted 
portion by wet chemical etching. 

20. A method for manufacturing a probe as set forth in 5 
claim 17, 

wherein the step of decreasing the outside 
diameter of the probe, the step of sharpening the tip 
portion of the probe and the step of forming a con- 
stricted portion of the probe are using a etching tub io 
consisting of a first solution layer that consists 
mainly of hydrofluoric acid and a second solution 
layer that is smaller in specific gravity than the first 
solution layer and that does not react, and is not 
mixed, with the first solution layer. is 

21 . A method for manufacturing a probe as set forth in 
claim 13, 

wherein the step of forming a constricted 
portion is using a etching tub consisting of a first 20 
solution layer that consists mainly of hydrofluoric 
acid, a second solution layer that is smaller in spe- 
cific gravity than the first solution layer and that 
does not react, and is not mixed, with the first solu- 
tion layer, and a third solution layer that is greater in 25 
specific gravity than the first solution layer and that 
does not react, and is not mixed, with any one of the 
first and second solution layers. 

22. A method for manufacturing a probe as set forth in 30 
claim 21, 

wherein the first solution layer of the three- 
layer structure etching solution contains a surface 
active agent 

35 

23. A method for manufacturing a probe as set forth in 
claim 21, 

wherein etching is performed with the three- 
layer structure etching solution being filled in a cap- 
illary. 40 

24. A scanning probe microscope for measuring a 
topography of a sample by using an atomic force 
between the sample and a probe thereof, compris- 
ing: *s 

a probe having a sharp tip portion for detecting 
an atomic force, an elastic functioning portion 
in the vicinity of the sharp tip portion and a 
base portion for supporting the elastic function- so 
ing portion, the base portion being formed inte- 
grally with the elastic functioning portion and 
an outer configuration of the elastic functioning 
portion is formed to be thinner than an outer 
configuration of the base portion; 55 
vibrating means for horizontally or vertically 
vibrating one of the tip portion of the probe and 
the surface of the sample relative to the other; 
detecting means for detecting the displace- 



ment of the probe; and 

control means for keeping the interval between 
the tip portion of the probe and the surface of 
the sample to be at a fixed value according to 
the detection signal output from the detecting 
means. 

25. A scanning probe microscope for measuring a 
topography of a sample by using an atomic force 
between the sample and a probe thereof and for 
measuring an optical information of the sample by 
using a light irradiated to or detected from the sam- 
ple, comprising: 

a probe having a sharp tip portion for detecting 
an atomic force, an elastic functioning portion 
in the vicinity of the sharp tip portion and a 
base portion for supporting the elastic function- 
ing portion, the base portion being formed inte- 
grally with the elastic functioning portion and 
an outer configuration of the elastic functioning 
portion is formed to be thinner than an outer 
configuration of the base portion; 
vibrating means for horizontally or vertically 
vibrating one of the tip portion of the probe and 
the surface of the sample relative to the other: 
detecting means for detecting the displace- 
ment of the probe; and 

control means for keeping the interval between 
the tip portion of the probe and the surface of 
the sample to be at a fixed value according to 
the detection signal output from the detecting 
means. 

26. A scanning probe microscope for measuring a 
topography of a sample by contacting a probe with 
a surface of a sample, comprising: 

a probe having a sharp tip portion for detecting 
an atomic force, an elastic functioning portion 
in the vicinity of the sharp tip portion and a 
base portion for supporting the elastic function- 
ing portion, the base portion being formed inte- 
grally with the elastic functioning portion and 
an outer configuration of the elastic functioning 
portion is formed to be thinner than an outer 
configuration of the base portion; 
vibrating means for horizontally or vertically 
vibrating one of the tip portion of the probe and 
the surface of the sample relative to the other; 
detecting means for detecting the displace- 
ment of the probe; and 

control means for keeping the interval between 
the tip portion of the probe and the surface of 
the sample to be at a fixed value according to 
the detection signal output from the detecting 
means. 

27. A scanning probe microscope for measuring a 
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topography of a sample by contacting a probe with 
a surface of a sample and for measuring an ot: ;al 
information of the sample by using a light irrac <J 
to or detected from the sample, comprising: 

5 

a probe having a sharp Xp portion for detecting 
an atomic force, an elastic functioning portion 
in the vicinity of the sharp tip portion and a 
base portion for supporting the elastic function- 
ing portion, the base portion being formed irrte- 10 
graily with the elastic functioning portion and 
an outer configuration of the elastic functioning 
portion is formed to be thinner than an outer 
configuration of the base portion; 
vibrating means for horizontally or vertically is 
vibrating one of the tip portion of the probe and 
the surface of the sample relative to the other; 
detecting means for detecting the displace- 
ment of the probe; and 

control means for keeping the interval between so 
the tip portion of the probe and the surface of 
the sample to be at a fixed value according to 
the detection signal output from the detecting 
means. 

25 

28. A scanning probe microscope claimed in claim 24, 
further comprising; 

detecting means for detecting a torsion of the 
probe. 30 

29. A scanning probe microscope claimed in claim 25, 
further comprising; 

detecting means for detecting a torsion of the 35 
probe. 

30. A scanning probe microscope as set forth in claim 
24, further comprising ; 



40 



a liquid cell for retaining the probe and the sam- 
ple in a liquid. 
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(54) Probe, manufacturing method therefore and scanning probe microscope 



(57) A tip of a probe is sharpened and a level differ- 
ence portion 6 in a boundary zone between a base por- 
tion 5 and an elastic functioning portion 4 is formed into 
a tapered configuration. The diameter of the elastic 
functioning portion 4 is made smaller than that of the 
base portion 5. Also, a part of the elastic functioning 
portion 4 is shaped into a constricted configuration. 
Also, the probe material is an optical fiber and this probe 
is composed of a core portion 2 that propagates light 
therethrough and clad portions 3 that differ in refractive 
index from each other. And the portion of the probe that 
excludes a aperture is clothed by a metal film cladding 
7. 
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